seconds) in human airways with or without epithelium was used to induce a cholinergic contraction (n =5 in all experiments). Indomethacin was present throughout. After obtaining a control frequency-response curve, different concentrations of diuretic were added to the organ bath and another frequencyresponse curve was constructed. To determine whether the effect of the diuretic was prejunctional or postjunctional a cumulative concentrationresponse curve to exogenous acetylcholine (Ach, 0-3 pmol/l to 10 mmoI/) was constructed in the presence of a diuretic (frusemide 1 mmol/l or bumetanide 0-1 mmol/l) or its vehicle. In some experiments indomethacim was omitted from the organ bath to investigate the possible involvement of cyclooxygenase products.
the possible neuromodulatory action of two loop diuretics, frusemide and bumetanide, and to elucidate whether a cyclooxygenase inhibitor such as indomethacmi could modulate the effect of frusenmide. The effect of acetazolamide, a carbonic anhydrase inhibitor, was also investigated. Methods -Electrical field stimulation (EFS; 40 V, 05 ims, 0-5-32 Hz for 15 seconds) in human airways with or without epithelium was used to induce a cholinergic contraction (n =5 in all experiments). Indomethacin was present throughout. After obtaining a control frequency-response curve, different concentrations of diuretic were added to the organ bath and another frequencyresponse curve was constructed. To determine whether the effect of the diuretic was prejunctional or postjunctional a cumulative concentrationresponse curve to exogenous acetylcholine (Ach, 0-3 pmol/l to 10 mmoI/) was constructed in the presence of a diuretic (frusemide 1 mmol/l or bumetanide 0-1 mmol/l) or its vehicle. In some experiments indomethacim was omitted from the organ bath to investigate the possible involvement of cyclooxygenase products.
Results -Both frusemide (10 ltmol/1 to 1 mmol/l) and bumetanide (1 pimol/I to 01 mmol/l) produced a concentrationdependent inhibition of the EFS-induced cholinergic contraction in human airways in vitro but only in epithelium denuded tissues. Frusemide (1 mmol/l) produced a maximum inhibition of 46-3% (SE 9 9%) at 0-5 Hz and bumetanide (0-1 mmol/l) (6-2)% at 0-5 Hz. Without indomethacin in the organ bath the frusemide-induced inhibition was enhanced at 4, 8, and 16 Hz, but bumetanide-induced inhibition was not enhanced at any frequency when indomethacin was omitted. Frusemide (1 mmol/l) and bumetanide (0-1 mmolfl) had no effect on the cumulative concentration-response curve to exogenous Ach (0-3 imol/l to 10 mmol/1). Acetazolamide (10 mol/l) had no effect on the EFSinduced cholinergc contraction In tiSSUes with. or without epithelium. Conclusions -In human airways in vitro both frusemide and bumetanide produced a concentration-dependent inhibition of the EFS-induced cholinergic contracttion. This inhibition is mediated through a prejunctional mechanism. Epithelium removal was necessary to achieve this effect. The m anism of action of frusemide and bumeide on airway nerves remain unclear: inhlibtion of the Na-K-Cl cotransporter is a possibility and, for frusemide, release of endogenous cyclooxygenase products may be involved. Carbonic anhydrase inhibition, on the other hand, is unliely to be a factor. ( Human airways were obtained from 35 patients (33 men, two women) of mean age 63-6 (range 43-76) years undergoing pulmonary resection, mostly for bronchial carcinoma. Immediately after surgery the airways were macroscopically dissected in the operating theatre, placed in cold (4°C) Krebs-Henseleit (KH) solution (NaCl 118, KC1 59, MgSO4 1-2, CaCl2 2-5, NaH2PO4 1 2, NaHCO3 25-5, and glucose 5-5 mmol/l) and transported to the laboratory. The airways were carefully stripped from surrounding lung tissue and cut into strips (main bronchi) or ring segments (segmental and subsegmental bronchi) which were mounted between two platinum wire electrodes in 10 ml organ baths containing KH solution at 37°C and continuously bubbled with 95% oxygen and 5% carbon dioxide. Indomethacin (10 jmol/1) was present in the organ bath throughout the experiment to block the formation of prostaglandins which may interfere with neutrotransmission.'7 In a different series of experiments indomethacin was omitted from the organ bath to investigate the possible involvement of cyclooxygenase products.
In most experiments the epithelium was removed by gently rubbing the luminal surface of the bronchi for two minutes with a cotton wool applicator. Acetylcholine concentration-response curve The effect of frusemide (1 mmol/l) or bumetanide (100 jimol/l) on a cumulative concentration-response curve to exogenous Ach (0 3 j.mol/l to 10 mmol/1) was studied in human bronchi after a 10 minute incubation period. The results were expressed as a percentage of the maximum contractile response to Ach (1O mmol/l) which was determined at the beginning of the experiment.
DRUGS
The drugs used in these experiments were obtained from the Sigma Chemical Co (Eupen, Belgium). Stock solutions of frusemide were made up in 100 pmol/l sodium hydroxide and further diluted with distilled water. Stock solutions of bumetanide were made up in 100% ethanol and further diluted with ethanol to the appropriate concentration. Acetazolamide was dissolved in 100 pmol/l sodium hydroxide and further diluted with distilled water. All control responses were obtained in the presence of an equivalent amount of solvent. Indomethacin was made up in alkaline phosphate buffer (KH2PO4 20 mmol/l, Na2HPO4 120 mmol/l; pH 7-8). Fresh drug solutions were made up daily. Drug additions did not exceed 1% of the bath volume. All concentrations refer to the final organ bath concentrations.
ANALYSIS OF RESULTS
All contractile responses were measured as the difference between peak tension and the resting tension that developed. The effect of the diuretic was expressed as percentage inhibition, comparing the contractile responses at each frequency after pretreatment with the diuretic with the contraction at the same frequency in the control response. Since each tissue acted as its own control analysis of data was possible using a Student's t test for paired data. Contractile responses to exogenous Ach were compared between diuretic-treated and vehicle-treated tissues by the Student's t test for unpaired data. Results are expressed as mean (SE), p values of < 0 05 being considered significant. unlikely. Moreover, carbonic anhydrase inhibition is unimportant in vitro as bumetanide, which has no such activity, was more effective than frusemide in our experiments. Loop diuretics have an effect on airway Discussion nerves seen in guinea pig bronchi"24 and traThese results show that the loop diuretics chea2w in vitro. Frusemide also has an inhibitfrusemide and bumetanide inhibit the cho-ory effect on various inflammatory cells, and linergic contractions in response to EFS in the latter mechanism is probably important in human airways in vitro in a concentration some challenges in asthmatic patients. Frudependent manner. Removal of the epithelium semide inhibits the release of histamine and was necessary to achieve this effect. Neither leukotrienes in passively sensitised human diuretic, however, affected the cumulative lung in vitro25 and in actively sensitised guinea concentration-response relationship to exo-pig lung.26 It also inhibits mediator release genous Ach, suggesting that they may act from eosinophils in vitro' by inhibition of through a prejunctional mechanism. When chloride transport. From these findings it has indomethacin was omitted from the organ bath been suggested that frusemide exerts its effects inhibition of the cholinergic contraction through inhibition of a specific chloride chaninduced by frusemide, but not by bumetanide, nel."' This seems an attractive hypothesis as the epithelium. In the present study, however, Frusemide enhances the synthesis of prosta-epithelium removal was necessary to achieve glandin E2 in the kidney and it has therefore an inhibition of the cholinergic contraction by been postulated that prostaglandin release may frusemide and bumetanide. Society to which I was to present a paper.
Results

EFS in human airways
We had one great advantage over the perspiring delegates of 200 years ago -air conditioning -or did we? The first hint that something was amiss was when they switched off the air conditioning at my hotel. I was assured that this was a routine servicing procedurebut why in the middle of an August heat wave and who were those heavies snooping around the lobby and corridors? And then the story broke with screaming headlines in the Philadelphia Daily News: dozens of delegates to the convention of the Pennsylvania branch of the American Legion, held in the city two weeks earlier, were being smitten by a mysterious disease from which 19 had already died. Hotel bookings were cancelled and the city, which had invested billions of dollars in the bicentennial celebrations, was facing bankruptcy. Rumours abounded. The veterans of foreign wars accused drug companies of conspiring to release a fatal flu virus in order to promote their vaccine sales. High levels of nickel had been found in the bodies of fatal cases and a left wing group (perhaps communist sailors from a Polish ship moored in the Delaware river) were thought to have injected nickel carbonyl gas into the air conditioning systems of hotels where the legionnaires were staying. Or was there some noxious element in the droppings of those rabbits and doves conjured out of hats at the magicians' convention?
These rumours were not confined to the tabloids and taverns of Philadelphia. Even the Lancet, as late as June 1977, was still promoting the nickel theory and contemplating the possibility that "careless chemists," "mad scientists," "saboteurs," or "criminals" were responsible; or perhaps the nickel carbonyl gas was coming from the garbage cans in which Philadelphians were burning their rubbish because of a garbage collectors' strike? And so the theories proliferated until Joseph McDate noticed a curious red patch on a culture from a guinea pig inoculated with lung tissue from a dead legionnaire. From this he grew Legionella pneumophila, the Gram negative bacillus now known to be the cause of the outbreak.
Of 182 patients with legionella pneumonia, 29 died. The victims included 149 legionnaires, nine Eucharists, two candlemakers, and one magician -but no physiologists. The majority of these had -as indeed had Ientered the Bellevue-Stratford hotel or strolled along the adjacent sidewalk on Broad Street. Raised serum titres among the hotel employees suggested long term exposure to the bacillus and a degree of immunity, for only one of the 400 employees contracted the disease. This solitary case was the air conditioner man. Perhaps, like our famous predecessors two centuries ago, we too should have sweated out that Philadelphia summer and eschewed the comforts of modern technology.
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